Introduction {#S0001}
============

Gastric cancer (GC) remains as one of the most prevalent diseases worldwide, which leads to high mortality, especially in East Asia and Eastern Europe.[@CIT0001],[@CIT0002] The risk factors of GC include *Helicobacter pylori* infection, inherited mutation of CDH1 gene and obesity.[@CIT0003]--[@CIT0007] On the molecular events, human epidermal growth factor receptor 2 (HER2) and vascular endothelial growth factor (VEGF) were significantly amplified to promote angiogenesis in GC.[@CIT0008] A previous study showed that sialylation of HER2 activated AKT and ERK pathways to contribute to proliferation, suppress apoptosis and promote chemoresistance.[@CIT0009] Thus, HER2 has a pivotal role in oncogenesis, chemotherapy and poor prognosis.[@CIT0008]--[@CIT0010] Besides, Eph receptor A3 (EphA3) was elevated in GC to activate STAT3/VEGF signaling, which could promote tumor growth and angiogenesis.[@CIT0011] Upregulation of EphB3 also activated the MAPK pathway to counteract the therapeutic effects of FGFR inhibitor.[@CIT0012] Yes-associated protein (YAP) activated EGFR/AKT and EGFR/ERK signals to attenuate the sensitivity of cisplatin treatment in GC cells.[@CIT0013] Upregulation of transducin (β)-like 1 X-linked receptor 1 (TBL1XR1) activated β-catenin/MMP7/EGFR/ERK signaling to promote metastasis and lead to poor prognosis of GC.[@CIT0014] Taken together, these findings indicated that various receptors were aberrantly activated to involve in tumorigenesis and progression of GC by triggering pro-oncogenic signals.

The endocytic cycle, including endocytosis and exocytosis, plays a pivotal role in cellular material exchange and plasma membrane content turnover, which is crucial for cell homeostasis and signaling transduction.[@CIT0015]--[@CIT0017] Previous studies suggested that endocytic cargos were sorted and recycled in a specific motif-dependent manner, rather than a relatively passive process.[@CIT0018] Particularly, endocytic cargoes sorted in the Golgi-associated retrograde protein (GARP) complex (composed of ANG2, VPS52, VPS53 and VPS54 subunits) were retrograde transported to trans-Golgi network (TGN) for further degradation, while those cargoes sorted in the endosome-associated recycling protein (EARP) complex (composed of ANG2, VPS52, VPS53 and syndetin subunits) were recycled back to the plasma membrane for further reuse.[@CIT0019]--[@CIT0022] Therefore, the EARP complex might serve as a potentially important way for upregulating pro-oncogenic cargo turnover in the plasma membrane. Moreover, syndetin was unique in the EARP complex and might serve as a very important candidate target for cancer treatments.

Aberrant endocytic recycling of plasma membrane contents, especially the receptors involved in cell migration/invasion, angiogenesis, oncogenesis and chemotherapy,[@CIT0023]--[@CIT0028] was done to facilitate pro-oncogenic pathways such as growth factor receptor signaling and GTPase signaling.[@CIT0023],[@CIT0029],[@CIT0030] On the molecular events, a systematic analysis study unraveled that endocytosis dysregulation was correlated with cell onco-transformation.[@CIT0028] PKCs promoted erythroblastic oncogene B-2 (ErbB2) to enter the Arf6-dependent endocytic recycling complex for further reuse, but not lysosome for further degradation.[@CIT0023] Thus, targeting endocytic recycling exhibited promising prospects in cancer treatments. For example, phosphatidic acid phosphohydrolase (PAP) inhibition could suppress EGFR activation and defected its endocytic recycling, which in turn to impair cell proliferation and induce apoptosis.[@CIT0027] Unfortunately, although more candidates were identified in the endocytic recycling complex, the underlying mechanisms remain largely elusive. Moreover, the functions and the underlying mechanisms within the EARP complex in cancer biology remain largely unknown.

CCDC132 configured at least two aliases, VPS50 or syndetin, which are required to join and tether the EARP complex to recycling endosomes.[@CIT0020] So far as we know, only several studies had shown that CCDC132 was elevated in pancreatic cancer, which might involve in proliferation and immuno-escape of pancreatic cancer cells via regulating EGFR and RCAS1 turnover in plasma membrane.[@CIT0031]--[@CIT0033] However, the role and mechanism of CCDC132 in cancers, especially in the pancreatic cancer, remain largely unknown. Nevertheless, in our preliminary study, we first investigated the expression of CCDC132 in a wide variety of cancers from multiple independent TCGA databases, and then we found that CCDC132 of esophagus/stomach cancers was tremendously higher than the others. This promising result strongly drove us to further investigate the function and mechanism of CCDC132 in GC.

Materials And Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

GC cell lines (AGS, SGC-7901, MGC-803 and BGC-823) and normal gastric epithelial cell line (GES-1) were purchased from the Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). All cells were maintained in Roswell Park Memorial Institute (RPMI) −1640 medium (Gibco, Scotland, UK) containing 10% fetal bovine serum (Sigma, St. Louis, MO, USA), 100 U/mL penicillin, and 100 μg/mL streptomycin. All cell lines were incubated at 37°C with 5% CO~2~.

Establishment Of Scramble- And CCDC132-shRNA-Expressing GC Cell Lines {#S0002-S2002}
---------------------------------------------------------------------

Stable knockdown of CCDC132 cell lines was established as described in a previous study.[@CIT0046] Lentiviruses-related plasmids were purchased and constructed by Shanghai Genechem CO., LTD (Shanghai, China). The inserted sequences were as follows: 5ʹ-TTCTCCGAACGTGTCACGT-3ʹ (scramble), 5ʹ-TTCCACCTGTTCTCAATTT-3ʹ (CCDC132-shRNA). Scramble- and CCDC132-shRNA expressing lentiviruses were also prepared by this company, and lentiviruses with titer more than 1×10^8^ PFU/mL were used in the experiments. Stably scramble- and CCDC132-shRNA-expressing AGS cells and MGC-803 cells were established by infecting with the indicated lentivirus supernatants, respectively. Highly GFP-expressing cells were sorted and collected by FACS. After that, the highly GFP-expressing clones were passaged and expanded for further experiments.

Cell Viability Assay {#S0002-S2003}
--------------------

GFP-expressing cells were seeded into 96-well plates at 1000 cells/well and cultured for 5 days; the growth medium was changed every 2 days. Cellular green fluorescence of each well was captured and calculated every day by using the Celigo^®^ Image Cytometer (Nexcelom Bioscience, Lawrence, MA, USA) as per manufacturer's instructions.

Apoptosis Assay {#S0002-S2004}
---------------

The indicated cells were resuspended at 1×10^6^ cells/mL and then proceeded with eBioscience™ Annexin V Apoptosis Detection Kit APC (eBioscience, USA) as per manufacturer's instructions. After washed with D-Hanks buffer twice, cells were resuspended in 1×binding buffer and loaded immediately by Guava^®^ easyCyte HT Systems (Millipore, USA).

Clone Formation {#S0002-S2005}
---------------

Clone formation assay was performed as described in a previous study.[@CIT0046] In brief, cells were harvested and washed twice, after resuspending in growth medium and then passed through a 40 μm cell strainer (FALCON, Corning, USA); single cells were plated in 6-well plates at a density of 500. The growth medium of each well was carefully changed every 2 days for 2 weeks, and then cells were washed with Dx-PDFRestrictionsRemover Hanks buffer twice and stained with crystal violet. Clones of each well were captured and subsequently analyzed by Clone-Counter software.[@CIT0047]

Western Blot {#S0002-S2006}
------------

Western Blot was performed as described in a previous study.[@CIT0009] In brief, protein extracts from the indicated cells were prepared by RIPA lysis buffer (cat. no. P0013B; Beyotime, China). Protein concentrations were determined using the BCA Protein Assay Kit (cat. no. P0010; Beyotime, China), and total protein samples were loaded to SDS-PAGE, then followed by a transfer onto PVDF membranes (Millipore, Bedford, MA, USA). Membranes were incubated overnight at 4°C with primary antibodies. The antibodies to CCDC132 (dilution at 1:1000; cat. no. ab117763; Abcam, Cambridge, MA, USA), and GAPDH (dilution at 1:2000; cat. no. ab9484; Abcam) were used in knockdown CCDC132 AGS cells. Besides, the antibodies to the apoptosis relative proteins and the DNA damage marks were used in knockdown CCDC132 MGC-803 cells, GAPDH served as the loading control. The antibodies to the cell proliferation pathway proteins were used in knockdown CCDC132 MGC-803 cells, JNK, AKT and ERK served as loading control. After washing with TBST three times, membranes were then incubated with the matching anti-rabbit (dilution at 1:3000; cat. no. A0208; Beyotime) or anti-mouse secondary antibody (dilution at 1:3000; cat. no. A0216; Beyotime) or for 1 hr at room temperature. Proteins were visualized by using an enhanced Pierce™ ECL Western Blotting Substrate (Thermo, USA), and then captured by Gel Logic 1500 imaging system (Eastman Kodak, USA).

RNA Isolation And Quantitative RT-PCR {#S0002-S2007}
-------------------------------------

RNA isolation and quantitative RT-PCR were performed as described in a previous study.[@CIT0009] In brief, total RNA was isolated by using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and cDNA was synthesized by using the TransScript One-Step gDNA Removal and cDNA Synthesis SuperMix (cat. no. AT311-02; Transgen Biotech, China) according to the manufacturer's protocol. All cDNAs were amplified by using UltraSYBR Mixture (cat. no. CW2602; CWBIO, China). The PCR condition was as follows: 95°C for 10 mins, followed by 40 cycles of 95°C for 15 s, 60°C for 40 s. The sequences of primers were used as follows: CCDC132: forward, 5ʹ‑CATCTGGGGATACGCTGTATG‑3ʹ and reverse, 5ʹ‑GTAGTTCACTGGCGGTTGAG‑3ʹ; GAPDH: forward, 5ʹ‑AGCCTCAAGATCATCAGC‑3ʹ and reverse, 5ʹ‑GAGTCCTTCCACGATACC‑3ʹ.

Cellular Stress And Apoptosis Signaling Array Assay {#S0002-S2008}
---------------------------------------------------

Cellular stress and apoptosis signaling array were mainly referred to the manufacturer's instructions. In brief, protein extracts from the indicated cells were prepared by PathScan^®^ Sandwich ELISA Lysis Buffer (cat. no. 7018; Cell Signaling, USA). Protein concentrations were determined using the BCA Protein Assay Kit (cat. no. P0010; Beyotime). Affix the multi-well gasket to the glass slide; 100 μL array blocking buffer was added to each well and incubated for 15 mins at room temperature on an orbital shaker. After decanting the blocking buffer, 60 μL lysate or positive/negative control was added to the appropriate well and covered with a sealing tape. After incubating it overnight at 4°C on an orbital shaker, all liquid were gently flicking out and then washed with 100 μL 1× array wash buffer 4 times. 75 μL 1× detection antibody cocktail was added to each well and incubated for 1 hr at room temperature on an orbital shaker, followed by washing with 100 μL 1× array wash buffer four times. 75 μL 1×HRP-linked streptavidin was added and incubated for 30 mins at room temperature on an orbital shaker. After washing with 100 μL 1× array wash buffer 4 times, the slide was incubated with LumiGLO^®^/Peroxide reagent, and then immediately captured by Gel Logic 1500 imaging system (Eastman Kodak).

Animal Xenograft Study {#S0002-S2009}
----------------------

Mouse models bearing Scramble-MGC-803 cells and CCDC132-shRNA-MGC-803 cells were generated as follows. 4×10^6^ indicated cells were subcutaneously inoculated into the left armpit of 4-week female nude mice (Shanghai Lingchang Biotechnology co. LTD, Shanghai, China); each group had 10 mice repeats. 8 days post-inoculation, xenografts started to emerge, and the body weights were recorded every 3 days. The volume of xenograft was calculated by the formula (*V*) = (*a* + *b*) × (*a*) × (*b*) × (0.2618), where *V* is the xenograft volume; *a* is the short diameter; and *b* is the long diameter. Three weeks after inoculation, the Perkin Elmer (Lumina LT, Boston, MA, USA) in vivo imaging system was used to measure the average fluorescence intensity and distribution using a region of interest centered on the xenograft tumors using Living Image 4.4 software. Mice were sacrificed on day 21, and the xenografts were harvested to weigh its weight. All mice were housed at Wenzhou Medical University Animal Care Facility according to the institutional guidelines for laboratory animals, and the protocol was approved by the Wenzhou Medical University Institutional Animal Care and Use Committee.

Patients And Specimens {#S0002-S2010}
----------------------

In this study, we used a study cohort of 90 patients who underwent radical gastrotomy for gastric adenocarcinoma from May 2007 to February 2008 at The Second Affiliated Hospital of Wenzhou Medical University (Wenzhou, China) and were followed‑up from July 2015, with an observation time of 7.4--8.1 years. No patient was treated with radiotherapy or chemotherapy before surgery. The clinical information, including age, sex, tumor size, histological differentiation, recurrence, metastasis, p53 and Ki67, was obtained from the patients' medical records. The pathological TNM status was assessed according to the criteria of the TNM Classification of Malignant Tumors and American Joint Committee on Cancer (edition 8, 2017). This study was approved by the Ethics Committee of The Second Affiliated Hospital of Wenzhou Medical University, and the need for informed consent was waived. However, written informed consent for radical gastrotomy and the use of data for research purposes were obtained from the patient prior to treatment.

Tissue Microarray (TMA) And Immunohistochemistry {#S0002-S2011}
------------------------------------------------

The TMA was constructed as described in the reference.[@CIT0048] IHC detection in TMA was performed manually. Briefly, the sections were dewaxed by incubating in dimethyl benzene at 45°C for 60 mins, followed by immersion in distilled water. The slides were immersed in citrate buffer (0.01 M pH 6.0), boiling bathing for 15 mins. Block endogenous peroxidase by 3% hydrogen peroxide bath for 15 mins. After blocking in 1% bovine serum albumin for 30 mins at 24°C, the slides were incubated with rabbit anti-CCDC132 polyclonal antibody (cat. no. 10816A; Celplor LLC-A Molecular Biology CRO Company, Carolina, NC USA; diluted 1:200) in a humidified chamber overnight at 24°C, followed by conjugation to the secondary antibody and DAB staining (cat. no. ZLI-9018; Beijing Zhongshan Golden Bridge Biotechnology Co, Ltd, Beijing, China) for 5 mins; slides were then counterstained using hematoxylin, dehydrated, and sealed with neutral gum.

CCDC132 staining was scored for the percentage of positive cells and the intensity of staining in the cytoplasm. The scoring system for intensity was: 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. The scoring system for the percentage of stained tumor cells was: 0, \<5% stained cells; 1, 5--25% stained cells; 2, 26--50% stained cells; 3, 51--75% stained cells; and 4, \>75% stained cells. A final score was the product of the staining intensity and the percentage of stained cells. A score of 0 to 4 was considered CCDC132 negative and a score \>4 was considered CCDC132 positive.

Statistical Analysis {#S0002-S2012}
--------------------

The quantitative data were compared using the Wilcoxon--Mann--Whitney two-group (two-tailed) test. Student's *t*-test was used to analyze any two groups. The correlation between CCDC132 expression and the clinicopathological features of the patients was performed with the Chi‑square test or Fisher's exact test. The correlation between CCDC132 expression and p53 expression was analyzed by Spearman's rank correlation analysis. The overall survival (OS) curve was analyzed with the Kaplan--Meier method and was compared with a log-rank test. *P* values \<0.05 were considered statistically significant.

Results {#S0003}
=======

The Expression Of CCDC132 In GC {#S0003-S2001}
-------------------------------

To investigate the pro-oncogenic potentiality of CCDC132, cancer genomics data were extracted from multiple independent Cancer Genomic Atlas (TCGA) databases, and then analyzed by the cBioPortal online analyzing tool (the cBioPortal for Cancer Genomics). We found that CCDC132 of esophagus/stomach cancers was tremendously higher than the others ([Figure 1A](#F0001){ref-type="fig"}). Besides, compared with GES-1, GC cell lines all showed a high expression of CCDC132, and there was a significant difference between different GC cell lines ([Figure 1B](#F0001){ref-type="fig"}). Then, we successfully downregulated the expression of CCDC132 in AGS cells and MGC-803 cells by lentivirus-induced RNAi; the knockdown efficiency of CCDC132 of two cell lines was more than 70% ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). This stable scramble cells and CCDC132 knockdown cells were passaged and expanded for further experiments.Figure 1The expression of CCDC132 in GC. (**A**) The top amplification frequency of CCDC132 gene in various cancers. (**B**) Quantitative RT-PCR for the CCDC132 mRNA expression in the four GC cell lines and normal gastric epithelial cell line, GAPDH was loaded as the housekeeping gene. (**C**) Parent AGS cells and MGC-803 cells were infected by scramble-shRNA (NC) and CCDC132-shRNA (KD) expressing lentiviruses, respectively; then, quantitative RT-PCR was performed to detect the knockdown efficiency of CCDC132, GAPDH was loaded as the housekeeping gene. (**D**) The knockdown efficiency of CCDC132 of AGS cells was further confirmed by Western blot, GAPDH served as the loading control. Results are presented as the mean ± SD. \*\*\*p\<0.001.

CCDC132 Is Essential For Proliferation And Survival Of GC Cells {#S0003-S2002}
---------------------------------------------------------------

To investigate the primary function of CCDC132 on cellular biology of GC, we constructed stable knockdown GC cell line as described above ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}); our results showed that knockdown of CCDC132 significantly inhibited proliferation of AGS cells and MGC-803 cells ([Figure 2A](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). Knockdown of CCDC132 almost decreased 70% clone formation abilities in AGS cells and 50% clone formation abilities in MGC-803 cells ([Figure 2E](#F0002){ref-type="fig"}--[G](#F0002){ref-type="fig"}). Otherwise, knockdown of CCDC132 slightly but significantly facilitated apoptosis of AGS cells and MGC-803 cells ([Figure 2H](#F0002){ref-type="fig"} and [I](#F0002){ref-type="fig"}). Thus, these data showed that CCDC132 is essential for proliferation and survival of GC cells.Figure 2CCDC132 is essential for GC cell proliferation and survival. (**A**) and (**C**) the scramble (NC) and CCDC132-shRNA (KD)-expressing lentiviruses were also simultaneously expressing green fluorescent protein (GFP); these cells were seeded and then captured the fluorescent signal every day; (**B**) and (**D**) then the cell number was autocalculated by manipulating those fluorescent signals in Celigo^®^ Image Cytometer and its software. (**E**) and (**F**) Colony formation analysis for the indicated cells. (**G**) Quantification of colony formation from (**E**) and (**F**). (**H**) FACS-based apoptosis analysis for the indicated cells. (**I**) Quantification of apoptosis ratio from (**H**). Results are presented as the mean ± SD. \*\*p \< 0.01; \*\*\*p \< 0.001.

The Underlying Mechanism Of CCDC132 On Proliferation And Survival Of MGC-803 Cells {#S0003-S2003}
----------------------------------------------------------------------------------

We next applied cellular stress and apoptosis signaling arrays and Western blot analysis to explore the potential mechanism of CCDC132 on cell proliferation and survival. The results of cellular stress and apoptosis signaling arrays found that knockdown of CCDC132 significantly increased the phosphorylation of Bad, HSP27, p53, p38MAPK, SAPK/JNK and Chk2 and promoted the protein level of cleaved PARP, cleaved Caspase 3 and lκBα, while there was no significant change in p-ERK1/2, p-AKT, p-Smad2, cleaved Caspase-7, p-Chk1, p-lκBα, p-eIF2α, p-TAK1, Survivin, or α-Tubulin with or without knockdown of CCDC132. Knockdown of CCDC132 significantly increased the total protein level of lκBα with not significant changing in phosphorylated form of lκBα; thus, knockdown of CCDC132 actually decreased the phosphorylation of lκBα ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). Western blot analysis also showed that knockdown of CCDC132 increased the protein expression level of p-p53, cleaved PARP and cleaved Caspase 3, while it had no significant effect on the protein expression level of p-JNK, p-AKT and p-ERK, which was consistent with the results of cellular stress and apoptosis signaling arrays. Besides, the protein expression levels of γ-H2AX and 53BP1 were significantly improved after knocking down CCDC132 in MGC-803 cells, which suggested that knockdown of CCDC132 could cause DNA damage ([Figure 3C](#F0003){ref-type="fig"}--[H](#F0003){ref-type="fig"}). Thus, these results suggested that knockdown of CCDC132 might induce DNA damage to facilitate cell apoptosis and attenuate cell division and proliferation.Figure 3Knockdown of CCDC132 led to activate the pro-apoptotic signals in MGC-803 cells. (**A**) The PathScan^®^ Stress and Apoptosis Signaling Antibody Array Kit was applied to detect the signaling molecules of stress response and apoptosis that responded to knockdown of CCDC132 in MGC-803 cells, and the interest candidates were present as described above. (**B**) Quantitative the array data by array analysis software. Results are presented as the mean ± SD. (**C**) Cell proliferation pathway proteins were confirmed by Western blot in knockdown CCDC132MGC-803 cells, JNK, AKT and ERK served as the loading control. (**D**) The apoptosis relative proteins were confirmed by Western blot in knockdown CCDC132 MGC-803 cells, GAPDH served as the loading control. (**E**) The DNA damage marks were detected by western bolt in knockdown CCDC132 MGC-803cells, GAPDH served as the loading control. (**F**) Cell proliferation pathway proteins were confirmed by Western blot in knockdown CCDC132MGC-803 cells, JNK, AKT and ERK served as the loading control. (**G**) The apoptosis relative proteins were confirmed by Western blot in knockdown CCDC132 MGC-803 cells, GAPDH served as the loading control. (**H**) The DNA damage marks were detected by western bolt in knockdown CCDC132 MGC-803cells, GAPDH served as the loading control. \*p \< 0.05; \*\*p \< 0.01; \*\*\*p \< 0.001.

Knockdown Of CCDC132 Attenuated Tumorigenesis And Tumor Growth Of MGC-803 Cells In Vivo {#S0003-S2004}
---------------------------------------------------------------------------------------

We investigated the pro-oncogenesis of CCDC132 in vivo, and NC-MGC-803 cells (infected by scramble-shRNA expressing lentiviruses) and KD-MGC-803 cells (infected by CCDC132-shRNA expressing lentiviruses) were seeded into 4-week female nude mice and the tumor volume was calculated every 3 days. Our results showed that the volume of the xenografts of the two group grew in a time-dependent manner, but the xenografts from NC-MGC-803 cells grew significantly faster than the xenografts from KD-MGC-803 cells ([Figure 4B](#F0004){ref-type="fig"}). At the ending point, all of xenografts were collected. The xenografts from NC-MGC-803 cells were much bigger than the xenografts from KD-MGC-803 cells ([Figure 4A](#F0004){ref-type="fig"}). Knockdown of CCDC132 led to a significant decrease of over 70% weight of xenografts ([Figure 4C](#F0004){ref-type="fig"}). Nude mouse was imaged under a small animal imaging system in vivo 3 weeks after inoculation ([Figure 4D](#F0004){ref-type="fig"}). Quantitatively, the fluorescent intensity was diminished in the xenograft of the KD group compared with that in the NC group ([Figure 4E](#F0004){ref-type="fig"}). Thus, these results show that CCDC132 plays a pivotal role in tumorigenesis and tumor growth of MGC-803 cells.Figure 4CCDC132 plays an important role in tumorigenesis and tumor growth of MGC-803 cells. (**A**) Xenografts from NC-MGC-803 cells and KD-MGC-803 cells were present at the ending point. (**B**) The tumor growth curves of xenografts from NC-MGC-803 cells and KD-MGC-803 cells, respectively. (**C**) Xenografts from NC-MGC-803 cells and KD-MGC-803 cells were weighted at the ending point. (**D**) Fluorescent intensity of the xenograft model 3 weeks after inoculation. (**E**) Quantitative analysis shows that of the fluorescent intensity of the KD group was obviously lower than that of the NC group. Results are presented as the mean ± SD. \*p\<0.05; \*\*p\<0.01.

Overexpression Of CCDC132 Protein In GC Tissues Associated With A Poor Prognosis {#S0003-S2005}
--------------------------------------------------------------------------------

We used tissue microarray to analyze the expression of the CCDC132 protein in 90 primary GC tissues and the corresponding adjacent normal tissues. Immunohistochemical staining revealed that CCDC132 protein was localized dominantly in the cytoplasm in GC cell, some expression was detected in the nucleus ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}). CCDC132 expression was significantly higher in the cancer tissues (56.7%) than that in the adjacent normal tissues (41.1%) ([Figure 5C](#F0005){ref-type="fig"}). We also analyzed the associations between CCDC132 expression and pathological features. Results showed that the expression of CCDC132 was significantly and positively correlated with nodal metastasis and TNM stage, yet there was no significant correlation on age, gender, tumor size, pathological grade, invasion depth and distant metastasis ([Table 1](#T0001){ref-type="table"}). Besides, the expression of CCDC132 was negatively associated with prognosis. The survival rate for patients with GC who were CCDC132 positive was lower than that of patients who were CCDC132 negative \[29 months (median), 95% confidence interval (CI): 22.37‑35.63 vs. 44 months, 95% CI: 16.93‑71.07\] ([Figure 5D](#F0005){ref-type="fig"}).Table 1The Associations Of CCDC132 Expression With Clinicopathological Features In Patients With Resectable GC.Clinicopathological FeaturesNCCDC132Chi‑Square*p*‑ValueNegativePositiveAge (years) \<602911180.5090.476 ≥60612833Gender Male6927422.1270.145 Female21129Tumor size (cm) \<5.03012180.2040.652 ≥5.0602733Pathological grade II3016141.8330.176 III602337Invasion depth T1+T210550.2040.652 T3+T4803446Nodal metastasis Negative231493.8690.049 Positive672542Distant metastasis Negative8537480.0240.877 Positive523TNM-stage I+II3722156.6540.10 III+IV531736 Figure 5CCDC132 confers poor prognosis in patients with GC. (**A**) Representative Immunohistochemical staining for CCDC132 in cancer tissues. (**B**) Representative Immunohistochemical staining for CCDC132 in adjacent normal tissues. (**C**) Frequency of CCDC132 expression in cancer and adjacent normal tissues (n=90), (**D**) Kaplan--Meier curves of the overall survival of patients negative or positive for CCDC132 expression (log rank = 5.240, p=0.022). \*p \< 0.05.

Correlation Between CCDC132 Expression And P53 Expression In GC {#S0003-S2006}
---------------------------------------------------------------

We further analyzed the correlation between CCDC132 expression and p53 expression using Spearman's rank correlation analysis. The results revealed that the expression of CCDC132 was negatively correlated with p53 (R=−0.53, p\<0.01) expression in GC.

Discussion {#S0004}
==========

Aberrant activation of the receptor in cellular surface including mutation, upregulation of transcription level, aberrant degradation and recycling remains as a complicated context. Previous studies have shown that receptors acquired mutation or were amplified via various pathways in GC.[@CIT0010]--[@CIT0014] However, the mechanisms of aberrant degradation or recycling of receptor in GC remain largely unknown. The CCDC132 was merely present in the EARP complex, but not the GARP complex.[@CIT0020] In the present study, we first investigated the relationship between endocytic recycling and oncology. After we analyzed cancer genomics data from TCGA databases, our results showed that the CCDC132 expression of esophagus/stomach cancers was tremendously higher than the others. CCDC132 was also highly expressed in GC cell lines compared with the normal gastric epithelial cell line. However, the functions of CCDC132 in GC remain unclear. Therefore, we investigated the expression and biological functions of CCDC132 in GC specimens and GC cells. We found that CCDC132 was markedly upregulated in human GC tissues relative to noncancerous tissues. CCDC132 expression was associated with the lymph node metastasis and TNM-stage. Increased CCDC132 expression was associated with a poor prognosis in GC patients. Based on these data, CCDC132 could be an attractive target for cancer therapy and warrants further exploration; thus we randomly used AGS cells and MGC-803 cells for further study. So far, as we know, only these following studies were related to CCDC132 functions. Previous studies had shown that CCDC132 contributed to dense-core vesicle maturation and acidification, which promoted the formation of the EARP complex.[@CIT0020],[@CIT0034] The elevation of CCDC132 also might contribute to pancreatic cancer and atopic dermatitis.[@CIT0031],[@CIT0035] Besides, CCDC132 significantly correlated with certain clinical pathological features of IgA nephropathy (IgAN), including urine protein, human serum albumin, total cholesterol and Lee's pathological grades, but the relationship between CCDC132 and the risk of IgAN required further confirmation.[@CIT0036] However, the biological functions of CCDC132 still remain largely unclear. In the present study, we first focused on the effect of CCDC132 on GC biology. To explore the oncogenesis of CCDC132, we knocked down the CCDC132 expression of AGS cells and MGC-803 cells by lentivirus-induced RNAi. Our results first unraveled that knockdown of CCDC132 attenuated the proliferation and survival of GC cells. We next further investigated these underlying mechanisms. We screened multiple molecules involved in stress response and apoptosis that responded to knockdown of CCDC132 in MGC-803 cells. Our results show that knockdown of CCDC132 promoted phosphorylation of p53 and Chk2, and then further activated Bad, caspase 3 and PARP, which in turn triggers pro-apoptotic signaling. The knockdown of CCDC132 also increased the protein levels of γ-H2AX and 53BP1 which were the DNA damage mark. According to previous studies,[@CIT0037],[@CIT0038] these results suggested that knockdown of CCDC132 played a far-reaching effect on DNA damage to facilitate apoptosis. Otherwise, previous studies showed that HSP27 activated cytochrome c/Apaf-1/dATP complex signaling to suppress the activation of procaspase-9,[@CIT0039] and phosphorylation of HSP27-induced TAK1/ERK signaling to antiapoptosis.[@CIT0040] Our results show that knockdown of CCDC132 significantly induced phosphorylation of HSP27, yet there was no significant difference in activation of ERK, AKT, TAK1 or survivin, which indicated that the downstream antiapoptotic signaling of HSP27 was blocked under certain circumstances. Therefore, the underlying mechanism was required for further investigations. Moreover, our results also showed that knockdown of CCDC132 significantly induced phosphorylation of p38, which might respond to genotoxic stress of knockdown of CCDC132. Previous studies showed that phosphorylation of HSP27 activated TAK1/p38 to trigger pro-survival signaling,[@CIT0040],[@CIT0041] but our results found that knockdown of CCDC132 had no effect on TAK1 activity. Otherwise, the other studies had well-documented p38-mediated apoptosis in various conditions.[@CIT0042]--[@CIT0044] Our results suggested that knockdown of CCDC132 activated p38-mediated apoptosis, which might be independent of HSP27. HSP27 also activated proteasome to phosphorylate and degrade lκBα, which in turn to activate NF-κB signaling.[@CIT0045] In the present study, our results showed that knockdown of CCDC132 significantly activated HSP27 and decreased phosphorylation of lκBα. It suggested that the effect of CCDC132 on regulating NF-κB signaling was a complicated context, and the function of this regulation was required for further investigations. Taken these together, our data suggested that knockdown of CCDC132 attenuated proliferation and survival mainly via induced apoptosis by inducing DNA damage signaling. Previous studies had shown that multiple pro-oncogenic receptors involved in tumorigenesis and progression of GC.[@CIT0010]--[@CIT0014] Dysfunction of HER2/EFGR2 suppressed proliferation and metastasis as well as facilitated apoptosis in GC cells.[@CIT0009] The EARP complex plays a pivotal role in regulating receptor reuse.[@CIT0018] Thus, knockdown of CCDC132 might also serve as a potential treatment for GC via disrupting the EARP complex. In line with this hypothesis, our results showed that knockdown of CCDC132 significantly inhibited tumorigenesis and tumor growth of MGC-803 cells. Thus, CCDC132 may serve as a potential target for GC therapy.

Conclusions {#S0005}
===========

In the present study, so far as we know, it was first found that CCDC132 was highly elevated in GC and first reported that CCDC132 served as a pro-oncogene to play a pivotal role in GC biology. Knockdown of CCDC132 significantly suppressed proliferation, clone formation and tumorigenesis via activating DNA damage signaling to induced apoptosis. Thus, CCDC132 serves as a potential target for GC therapy.
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